The authors developed a computer-based general medical history to be taken by patients in their homes over the internet before their first visit with their primary care doctor, and asked six doctors and their participating patients to assess this history and its effect on their subsequent visit. Forty patients began the history; 32 completed the history and post-history assessment questionnaire and were for the most part positive in their assessment; and 23 continued on to complete their post-visit assessment questionnaire and were for the most part positive about the helpfulness of the history and its summary at the time of their visit with the doctor. The doctors in turn strongly favored the immediate, routine use of two modules of the historydthe family and social historiesdfor all their new patients. The doctors suggested further that the summaries of the other modules of the history be revised and shortened to make it easier for them to focus on clinical issues in the order of their preference.
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We developed a computer-based medical history to be taken by patients in their homes over the internet, before their first visit with their primary care doctor. We then studied the assessment of this history and its effect on the patients' forthcoming visit from the perspective of both the patients and their doctors.
BACKGROUND
Since first reported in 1966, 1 the use of a digital computer to interview patients about their medical histories has been studied in a variety of clinical settings. 2e7 As pointed out by John Bachman in a comprehensive review of the literature, 6 results thus far have demonstrated the potential for the computer to explore medical and psychological problems in a manner well received by both doctor and patient. Concerns about the computer as a negative influence have proved for the most part unfounded; indeed, many patients have reported being more comfortable with the computer than with the doctor when asked about sensitive, potentially embarrassing subjects. In spite of favorable reports, however, computerbased medical histories have yet to be widely deployed, as Bachman has also pointed out, 6 and most clinics and doctors' offices lack the space and facilities needed for these interviews. Now, however, the internet, which provides a means to enhance communication between patients and their doctors, 7 14e17 provides an opportunity for patients to take computer-based medical histories in their homes, 18e21 as well as to improve communication between patients and clinical and administrative staff within their healthcare facilities.
7 14e17 19e22 To capitalize on this new technology, we have developed and studied a detailed, interactive, computer-based medical history designed for use before the patient's first appointment with a primary care doctor. We report here on our early, pilot experience with primary care doctors and patients who were new to the doctors' practice.
Prior evaluation
After completing the development of our computer-based history, we submitted it to colleagues and revised it in response to their criticisms and suggestions. Next, we had 10 volunteer patients read aloud each of the primary questionsdthose that would be asked of all patientsd and offer their comments and criticisms. Then, with patients who volunteered to take the history twice over the internet in their homes, we studied the testeretest reliability of 215 of the primary questions and found 210 to be sufficiently reliable to remain in the interview. 21 We then revised the remaining five questions, reworked one of them into two questions, 21 and proceeded with the pilot trial described here.
METHODS The computer-based medical history
The computer-based medical history, developed on the basis of our experience over the years with medical histories, 1 3e5 7 8 20e22 is presented to patients on their computer screens over a secure Website, PatientSite, which is a portal to a patient's electronic medical record and a component of Beth Israel Deaconess Medical Center's computing. 23 24 Patients respond either by clicking on their answer from a list of choices or by typing on their keyboard for text and numerical entries. (In our preliminary study, 21 the human factors of presentation and response were found to work well as judged both by the patients' assessment of ease of use and by the reliability of the questions upon re-asking.) The patients' responses are stored electronically and are available for use in determining, from among the numerous alternative summary phrases associated with the history questions, those to be compiled into the summaries of the patients' medical histories.
The history is divided into 24 modulesdfamily history, social history, cardiac history, pulmonary history, and the like. So far as possible, it is designed to model the comprehensive, inclusive, general medical history traditionally taken, when time permits, by a primary care doctor seeing a patient for the first time. It contains 233 primary questions asked of all patients about the presence or absence of medical problems. Of these, 216 have the preformatted mutually exclusive responses 'yes', 'no', 'uncertain (don't know, maybe)', 'don't understand', and 'I'd rather not answer '; 10 have other sets of multiple choices, one response permitted; five have multiple choices with more than one response permitted; and two have numerical responses. In addition, more than 6000 questions, explanations, suggestions, and recommendations are available for presentation, as determined by the patient's responses and the branching logic of the program. These questions are available to explore in detail medical problems elicited by one or more of the primary questions. If, for example, a patient responds with 'yes' to the question about chest pain, the program branches to multiple qualifying questions about characteristics of the pain, such as onset, location, quality, severity, relationship to exertion, and course.
The interview begins with a teaching sequence on how to respond to the questions, followed by an introductory sequence to identify the participating patient. It then inquires about problems in need of early attention, with provision for free text entry, and offers advice on how best to proceed if, in the patient's opinion, the problem could be urgent. The interview then proceeds to the medical history. 21 As the patient completes each module, the program displays a summary, presented in easy-to-read phrases based on the patient's responses, which the patient can review and, although not edit directly, qualify by typing messages of amplification, clarification, or criticism (see supplementary figure 1, available online only). The interview concludes with 10 questions, presented with a 10-point scale (1 for most negative, 10 for most positive), for the patient to use to assess the history, followed by a provision for the patient to enter comments and suggestions for improvements. The patient can interrupt the interview at any time and return to it later at the point of interruption. When the patient has finished the interview, the program displays a summary, with prose compiled on the basis of the patient's responses and presented in a legible, but otherwise traditional format (an outline of the summary is available as supplementary figure 2, available online only). Each positive finding in the summary is denoted by an asterisk and listed with its relevant details for review by patient and doctor on the doctor's computer screen at the time of the visit (see supplementary figure 3, available online only). The patient's responses are stored and retained in an electronic file, which is separate from the patient's electronic medical record, but from which a summary of the patient's history, in whole or in part, can be generated for the doctor to use and to incorporate into the patient's record at any time, at his or her discretion.
The trial
We sent email messages to seven primary care doctors affiliated with Beth Israel Deaconess Medical Center who accepted new patients. Six of these doctors agreed to participate and to have us contact patients scheduled to see them for the first time. We had hoped to have our initial contact with patients by email, but Beth Israel Deaconess Medical Center does not obtain email addresses at the time of a patient's initial registration. Accordingly, we sent letters to 620 potentially eligible patients. (We also contacted 55 patients via email addresses collected when they were seen previously at the medical center by a different doctor.) Our letter and email message mentioned the study and asked the patients to respond by email if they had access to the internet at home and wanted to learn more. We then sent email messages to patients who responded, with directions to PatientSite, a link to the online description of the study, a link to the request for informed consent, and for patients who signed the informed consent, a link to the computer-based medical history.
At the time of the office visit, the summary of the computerbased history of those patients who had completed the interview was available on the doctor's computer screen for the doctor and patient to use together on a voluntary basis. At the option of the doctor, the summary could then be edited and incorporated into the patient's online medical record. 25 Within a day after the visit, the program sent an email message (followed by a daily reminder when indicated) to the patient and to the doctor, with links to six questions for the doctor and six for the patient, presented with a 10-point scale (1 for most negative, 10 for most positive) that asked about the effect of the medical history and its summary on the quality of the visit from the patient's and the doctor's perspectives, with provision for them to record comments and suggestions for improvement. At the conclusion of the study, the doctors were asked by a final, online questionnaire, whether they would like to have their patients continue with the program and whether they would recommend it for other doctors and their patients.
RESULTS
Of the 675 patients initially contacted, 76 signed on to the description of the study, 45 signed the request for informed consent, 40 began the medical history, 32 took it to completion, and eight stopped before completion but did not restart, for reasons unknown. The 32 patients who completed the history (17 women and 15 men between the ages of 21 and 72 years) were presented with a mean of 550 screens and took between 45 and 94 min to complete the interview (based on an estimated 7 s per screen). 26 Six of the 32 patients who completed the history were excluded from the remainder of the study: one patient's summary could not be viewed by the doctor due to a technical error (later corrected); one patient's visit was canceled; one patient's visit was rescheduled to a non-participating doctor; one patient inadvertently took the history after the visit with the doctor; and for two patientsdreasons unknowndneither they nor their doctors completed the post-visit questionnaires. Of the remaining 26 patients (13 women and 13 men between the ages of 21 and 72 years), the results for six were incomplete: three patients completed their post-visit assessments, but their doctor did not, and in the case of the remaining three patients, the doctors completed the post-visit assessments, but the patients did not. Twenty patients (nine women and 11 men between the ages of 21 and 72 years) together with their participating doctors completed all assessment questionnaires.
Patients' post-history questionnaire
The 32 patients who completed the history were generally positive in their assessment, as indicated by their responses to the post-history assessment questionnaire. When asked 'How helpful were the questions when thinking about your health?' they responded with a mean score of 8.4 (on a scale from 1 'not at all helpful' to 10 'very helpful'); and for all 10 questions, the combined mean score was 8.3 (see supplementary figure 4 , available online only). Of the 17 patients who typed in suggestions for improvement, seven focused on the length of the program and ways to make it more efficient, such as by including more than one question per screen and enhancing the 'back-up' option to enable more direct access to a previously answered question in need of reconsideration; others asked for more flexibility in the response options, such as more use of 'sometimes', and for less detailed and seemingly redundant questioning about what they considered low priority problems. Among additional comments were, 'Great questionnaire [but] took a lot of time', 'This seems like a very good idea. It should save a great deal of time at the office visit', 'I like the summaries generated from yes/no answers. Very cool!' and 'Thank you'.
Patients' post-visit questionnaire
The 23 patients who completed their post-visit questionnaire were, for the most part, positive in their assessment of the helpfulness of the computer-based history and its summary at the time of their visit with the doctor. When asked 'How helpful was it for you to have taken the computer interview before seeing your doctor?' they responded on the 10-point scale (on a scale from 1 'not at all helpful' to 10 'very helpful') with a mean score of 8.3; and for all six questions, the combined mean score was 7.8 (see supplementary figure 5 , available online only).
(For the three of these patients whose doctors did not complete their post-visit questionnaire, but whose responses were included with the 20 patients whose doctors completed their questionnaire, the combined mean score for all six questions was 5.9.) Once again, the patients' suggestions focused on the length of the interview, difficulties with the back-up and editing options, and a disproportionate attention to problems of lesser importance from their perspectived'Questions sometimes led to a small issue looking like a large issue'. On a positive note, 'It was nice [the doctor] saw a diagnosis on my [previous record] that wasn't accurate so was able to fix it.'
Doctors' post-visit questionnaire
The doctors were also for the most part positive in their assessment of the usefulness of the history and its summary at the time of their visits with the 23 patients for whom they completed their post-visit questionnaire. When asked 'How helpful was it for your patient to have taken the computer interview before seeing you?' they responded with a mean score of 7.7 on the10-point scale. When asked 'To what extent do you think the computer summary helped you to provide better care to your patient?' they responded with a mean score of 7.5. For all six questions, the combined mean score was 7.6 (see supplementary figure 6 , available online only). (For the three patients who did not complete their post-visit questionnaire, but whose doctors did complete theirs, the combined mean score for all six questions was 7.2.)
The doctors' comments, however, did indicate that the summaries were too long, and that they needed to differentiate better between medical problems of greater and lesser importance. One doctor commented: 'It was useful to have the info prior to the visit. However, [it would be more helpful] if the questions can [be] organized so there is not so much redundancy.'
Doctors' post-study questionnaire
When asked at the conclusion of the trial, 'Would you like to have your patients continue to use this medical history program?' and 'Would you recommend this medical history program to other doctors and their patients?' (on 10-point scales from 1 for 'never' to 10 for 'always'), one doctor, based on experience with one patient, responded with 2 for continuing with the program; three doctors, based on their experience with 4, 5, and five patients, responded with means of 6, both for continuing with the program and for recommending the program to others; one doctor, based on experience with seven patients, responded with 10 both for continuing with the program and for recommending it to others; and one doctor, who had responded with a mean score of 8.3 for experience with one patient, did not respond to the concluding questions.
When asked, 'Would you like to have individual modules of the medical history, such as family history and social history, available for your patients?' and 'Would you recommend individual modules, such as family history and social history to other doctors and their patients?' the five doctors who responded provided a mean score of 9 for their patients' use of these modules, and a mean score of 8.4 for recommending use of the modules to others.
DISCUSSION
The participating patients and doctors were forthcoming with both positive reinforcement and constructive suggestions for improvement. We are exploring ways to shorten both the history for patients, such as more use of multiple questions per screen, and the summary for doctors, and to make these easier for patients and doctors to use.
In response to the doctors' request that we shorten their patients' summaries, we plan to make the summaries hyperlinked to enable the doctor to focus on clinical issues in the order of their preference and to let each doctor specify which links will be opened in each section and which will be closed upon the first display of the summary. Currently, for example, the summary of each clinical module concludes with a list of negatives (see supplementary figure 3 , available online only). Although helpful as a reminder of the scope of the problems addressed in the history, this listing consumes space and reading time and would be better as an optional feature, available by hyperlink upon request.
We do not know why potential participants decided either to join the study or not, but we did anticipate a low rate of participation. We were compelled to use regular mail for most of the initial contacts, and some of the patients contacted may not have had ready access to the internet. We the investigators, rather than the doctors who would be establishing rapport with the patients, were the ones to send the letters; and we required those who were interested to contact us by email and then to read a detailed description of the study together with a lengthy request for informed consent, before they could proceed with their medical history. Once the online medical history has moved beyond research to ongoing clinical practice, patients will no longer be required to read and sign these time-consuming documents before their being offereddat the discretion of their doctorsdthe option to take the medical history. Instead, doctors will be free to suggest that their patients take the history, or any of its components, whenever they think doing so will help with patient care.
The results of the pilot trial, together with our discussions with the participating doctors, indicate that the doctors want certain components of the historydparticularly the family and social historiesdavailable right away, and we are moving to comply with this request. After we modify the remainder of the history and its summary in accordance with the patients' and doctors' requests, we hope to make all modulesdindividually and in combinationdavailable for routine use in patient care.
